Abstract. In a yellow summer squash (Cucurbita pepo L.) experimental line developed by Seminis Vegetable Seeds, the coat protein gene of an American strain of squash mosaic virus (SqMV-M88), conferred resistance to Arizona, California, New Jersey, and New York strains belonging to the two pathotypes of the virus. An analysis of genetic populations derived from crosses and reciprocal backcrosses of a homozygous SqMV-resistant line A127-1-2 with the susceptible cultivar Butterbar revealed that the high level of resistance mimics the response of a single recessive gene.
transferase gene (Allmansberger et al., 1985) was cloned into the Sal I site located outside the T-DNA region, generating pGA482G. The plant expressible SqMV CP transgenes were inserted as tandem repeats and were oriented in the same direction as the nptII gene. The resulting binary vector was transferred into a disarmed T-DNA deletion derivative of the Agrobacterium tumefaciens strain C58 . Squash inbred lines were transformed using a modification of the procedure of Horsch et al. (1985) . The transformed status of plants was verified by rooting in vitro shoots on kanamycin, enzyme-linked immunosorbent assay (ELISA) for the linked nptII gene and Southern blot analysis for the SqMV coat protein genes. Here, we are reporting the inheritance of resistance to SqMV in a yellow summer squash (C. pepo) possessing CP genes of this virus.
Materials and Methods
A number of transgenic yellow crookneck squash lines were developed for resistance to SqMV by Seminis Vegetable Seeds, Oxnard Calif. using the CP genes of SqMV-M88, a melon strain of Pathotype I. The R 0 plant was initially backcrossed to its nontransgenic counterpart. A limited number of R 1 progeny were inoculated. Plants exhibiting a recovery phenotype were self-pollinated. The R 2 progeny was inoculated and a few plants of the line A127 remained free of symptoms and were self-pollinated to generate the R 3 generation. R 3 progeny were confirmed to be homozygous resistant. R 3 plants of a promising line, A127-1-2, were crossed with those of the SqMVsusceptible yellow type cultivar Butterbar. Plants of F 1 (A127-1-2 x 'Butterbar'), F 2 (A127-1-2 x 'Butterbar'), and reciprocal backcross populations (A127-1-2 x 'Butterbar') x A127-1-2 and (A127-1-2 x 'Butterbar') x 'Butterbar' were used for inheritance studies. All the plants, including parents, were mechanically inoculated first on the expanded cotyledons, and 5 d later, on each first leaf. This dual inoculation eliminated escapes, since 100% of the susceptible controls were infected. The SqMV-M88 culture was maintained in Seneca Zucchini and inocula consisted of 15 fold-diluted leaf extracts in 0.05 M K 2 HPO 4 (pH 8.5) buffer. Resistance was confirmed by ELISA, using antiserum to SqMV-M88. When ELISAs were inconclusive, recovery tests were made using zucchini plants as systemic hosts. All plants were grown in sterilized clay pots (550 mL volume) containing the Cornell artificial mix (spagnum peat, Whittemore vermiculite, Baker's dolomitic limestone and N-P-K Squash mosaic virus (SqMV) is one of the major viruses affecting Cucurbitaceae. It is seed-transmitted, and in nature, it is spread by striped and spotted cucumber beetles (Acalymna and Diabrotica sp.), hence it may occur wherever cucurbits are growing in the world (Campbell, 1971) . Strains of SqMV have been classified in two pathogroups: Pathotype I, which usually causes prominent symptoms on melons and mild to moderate on squashes; and Pathotype II, which incites prominent symptoms on squashes and mild to moderate on melons. These two pathotypes can cause a variety of leaf symptoms, including prominent green veinbanding, mosaic, ringspots, and particularly, a protrusion of veins at the foliar margin. Under certain environmental conditions, infected plants of Cucurbita moschata and C. pepo may develop prominent foliar enations (Nelson and Knuhtesen, 1973) .
Considering that SqMV can significantly reduce the quantity and the quality of cultivated cucurbits, our efforts have been directed, through the years, to find sources of resistance and introduce them into cultivars growing in the United States and other countries of the world. With very few exceptions, most of the germplasm tested was found to be susceptible to several strains of both pathotypes of the virus (Provvidenti, 1993) . A very high level of resistance was found in all the lines of bottle gourd (Lagenaria siceraria) (Provvidenti, 1981) , but attempts to cross this species with any of the Cucurbita species were without success. A certain tolerance was located in wild squashes, Cucurbita ecuadorensis, C. martinezii, and C. okeechobeensis (Provvidenti et al., 1978) , but difficulties were encountered in transferring it into cultivated squashes. However, considering the economic importance of this virus in squashes and the absence of a high level of resistance, the concept of pathogen-derived resistance (PDR) (Beachy et al., 1990; Grumet, 1990) , can be exploited for the control of this seed-borne virus.
The genome of SqMV consists of two single-stranded positive-sense RNA molecules: a middle component (M-RNA) of ≈4200 nucleotides and a bottom component (B-RNA) of ≈6000 nucleotides. Both components are polyadenylated at the 3' end and possess a genome-linked protein (VPg) at the 5' termini. The M-RNA encodes the 42kDa and 22kDa coat proteins (CPs) and the cell-tocell movement proteins (Franssen et al., 1982; Hiebert and Purcifull, 1981; Wellink and van Kammen, 1989) . The cDNA nucleotide sequence of these genes and their expression in plant cells was reported by Hu et al. (1993) .
Using polymerase chain reaction (PCR) these genes were amplified and cloned in the sense orientation into a plant expression vector pUC18cpexp (Slightom, 1991) . The resulting pUC18cpxp-22kDa and -42kDa CP plasmid were partially digested by Hind III and both SqMV 22kDa and 42kDa CP expression cassettes were cloned by Pang et al (2000) into the transformation vector pGA482G, a derivative of pGA482 (An, 1987) . The original binary vector pGA482 contains the right and left T-DNA borders of pTiT37, which flank the plant expressible neomycin phosphotransferase II gene (nptII), restriction enzyme polylinker, and bacteriophage lamda cos site. To improve the use of this vector, the bacterial gentamicin-(3)-N-acetyl-
Results and Discussion
Correlation between the presence of the squash coat protein gene and resistance was established by tracking the linked selectable markers gene, neomycin phosphotransferase (nptII) using NPTII ELISA kit (5 Prime to 3 Prime, Boulder, Colo.) in the R 1 and R 2 generation. Once homozygous lines were established only random tracking of the transgene was conducted in the backcrossed progeny.
Southern blots showed that A127 contained two transgene inserts, which segregated independently . However the independent inserts were not tracked in subsequent generations. R 1 plants, which were identified as containing the linked nptII gene, exhibited a recovery phenotype whereas nontransgenic progeny were susceptible to the virus (Table 1) . NPTII ELISAs on R 2 progeny produced by self-pollinating plants with the recovery phenotype, gave a 3:1 ratio of positive to negative plants. All of the NPTII negative plants were susceptible to SqMV, whereas the NPTII positive lines displayed three phenotypes, resistant, recovery and susceptible. The ratio of NPTII positive resistant progeny, to NPTII positive susceptible or recovery progeny, to NPTII negative and susceptible progeny were consistent with a 1:2:1 Mendelian segregation ratio (Table 2 ). The resistant R 2 plants were self pollinated to produce the R 3 homozygous line A127-1-2. R 3 Plants of the resistant parent, A127-1-2, inoculated with SqMV-M88 reacted with local chlorotic spots, but the virus failed to move systemically. Plants of the other parent, 'Butterbar', reacted with prominent systemic mosaic, foliar serration, scattered enations, and plant stunting. All plants of F 1 (A127-1-2 x 'Butterbar') were systemically infected, and the persistent symptoms closely resembled those of the susceptible parent. Two F 2 families of (A127-1-2 x 'Butterbar') segregated in a ratio of 3 susceptible : 1 systemically resistant. Plants of the backcross population involving the resistant parent (A127-1-2 x 'Butterbar') x A127-1-2 segregated in a ratio of 1 susceptible : 1 systemically resistant. Plants of the backcross population involving the susceptible parent (A127-1-2 x 'Butterbar') x 'Butterbar' were systemically infected. Thus, from the data presented in Table 3 , it is evident that the resistance to SqMV-M88 in line A127-1-2 behaved phenotypically as the expression of a single recessive gene.
To ensure that the gene was still present in the backcrossed populations tissue samples were harvested from a subset of the plants and assayed for the presence of the linked selectable marker gene, neomycin phosphotransferase (nptII) using NPTII ELISA kit (5 Prime to 3 Prime, Boulder, Colo.). All of the backcrossed lines expressed NPTII, indicating that the transgene was present. (Table 4) . Although Southern blots were not performed on advanced generations, the segregation ra- A scale of 0 to 9, where 0 = nonsymptomatic, and 9 = severe systemic symptom. tios suggest that the two independent inserts, present in the R 0 plant, segregated away from one another during the initial backcross to generate the R 1 population, and that the single plant chosen for advancement contained only one of the two original inserts. The NPTII segregation ratios for the R 2 progeny are consistent with this hypothesis (Table 2) .
As was mentioned previously, the resistance to SqMV in line A127-1-2 had derived from the CP of a strain belonging to Pathotype I (SqMV-M88). This strain had been originally isolated from melons growing in a field of Cornell Univ., Ithaca, N.Y. Additional tests, using 80 plants of A127-1-2 clearly demonstrated that they were resistant to eight other strains of the virus; five belonging to Pathotype I (SqMV-CA35, -FL22, -NY9, -NJ3, WI 66) and three to Pathotype II (SqMV-NY81, -PA66, -WA5). These strains were available from previous studies and had been collected in New York and New Jersey, or obtained from cucurbit researchers of Arizona and California (Provvidenti and Robinson, 1974; Provvidenti et al., 1978; Provvidenti, 1998) .
For the first time, a high level of resistance to SqMV is available for a major cucurbit crop, summer squash. Presently, this transgene for resistance to SqMV is confined to experimental lines possessing good horticultural characteristics, hence it can be effectively incorporated into commercial cultivars using a combination of pedigree and backcross breeding methods.
Previously, most of the CP genes conferring resistance to viruses in squashes were demonstrated to be monogenic dominant, and thus easily exploitable for the production of commercial F 1 hybrids (Tricoli et al, 1995) . However, the resistance in the transgenic squash line A127-1-2 was found to be functionally fully recessive in conferring an effective resistance to strains of the virus belonging to pathotypes of SqMV. Therefore, commercial F 1 hybrids must be produced by crosses between two homozygous resistant transgenic parents. The virus is able to infect inoculated cotyledons or leaves, but fails to move systemically.
